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ABSTRACT 



Aims. We investigate the resolved stellar content of early-type dwarf galaxies in the Centaurus A group, in order to estimate the 
fraction of their intermediate-age populations. 

Methods. We use near-infrared photometric data taken with the VLT/ISAAC instrument, together with previously analyzed archival 
HST/ACS data. The combination of the optical and infrared wavelength range permits us to firmly identify luminous asymptotic giant 
branch stars, which are indicative of an intermediate-age population in these galaxies. 

Results. We consider one dwarf spheroidal (CenA-dEl) and two dwarf elliptical (SGC1319.1-4216 and ESO269-066) galaxies that 
are dominated by an old population. The most recent periods of star formation are estimated to have taken place between ~ 2 
and ~ 5 Gyr ago for SGC1319.1-4216 and ESO269-066, and approximately 9 Gyr ago for CenA-dEl. For ESO269-066, we find 
that the intermediate-age populations are significantly more centrally concentrated than the predominantly old underlying stars. The 
intermediate-age population fraction is found to be low in the target galaxies, consistent with fractions of up to ~ 15% of the total 
population. These values could be higher by a factor of two or three, if we consider the observational limitations and the recent 
discussion about the uncertainties in theoretical models. We suggest that there is a correlation between intermediate-age population 
fraction and proximity to the dominant group galaxy, with closer dwarfs having slightly smaller such fractions, although our sample 
is too small to draw firm conclusions. 

Conclusions. Even when considering our results as lower limits, the intermediate-age population fractions for the studied dwarfs are 
clearly much lower than those found in similar dwarfs around the Milky Way, but comparable to what is seen for the low-mass M3 1 
companions. Our results confirm previous literature work by Rejkuba et al. (2006) about early-type dwarfs in the Centaurus A group. 



Key words, galaxies: dwarf- 
CenA group 



1. Introduction 



galaxies: evolution - galaxies: photometry ~ galaxies: stellar content - galaxies: groups: individual: 



The Centaurus A group of galaxies is, together with the more 
sparse Sculptor group, the nearest prominent galaxy group in 
the southern sky. In its center the peculiar giant elliptical galaxy 
NG C5128 ( -CenA) is located, whose distance is 3.8 Mpc 
dHarris et al.l i2009). Rec ent searches for new members of thi s 
gro up were pub l ished by 'Cote etaD(fT997l).[ 



Banks et al.l(ll999l) . 



and lJerien et al.l (l2000l) . Karachentsev et all ( 2002 ) provided pre- 
cise radial distance measurements for 17 dwarf members of the 
group using the tip of the red giant branch (TRGB) method. 
The current list of members of the CenA group contains 62 
galaxies with radial velocities in the Local Group rest frame of 



* Based on observations collected at the European Southern 
Observatory, Paranal, Chile, within the observing Programme 073. B- 
0131. 

** Table 3 is only available in electronic form at the CDS 
via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via 
|http ://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A-l-A/ . 

*** Member of IMPRS (International Max Planck Research School) 
for Astronomy & Cosmic Physics at the University of Heidelberg and 
of the Heidelberg Graduate School for Fundamental Physics. 



Vrr, < 550 km s ' and an gular distances from CenA of < 30° 
(iKarachentsev et al.ll2007h . 

Apart from the determinations of the individual distances, 
the study of the resolved stellar populations via deep imaging 
offers insights in the star formation history (SFH) of these sys- 
tems. Over the last couple of decades, resolved stellar popula- 
tions have been studied in most Local Group galaxies in great 
detail. The main result of a ll these studies is a surprizing va - 
riety of their SFHs (see e.g. lGrebellll997t iTolstov et al.ll2009h . 
In order to explore the role of the environment in the evolution 
of these systems, it is desirable to investigate stellar populations 
and SFHs of dwarf galaxies in an environment that is different 
from the Local Group. With its higher density of galaxies, the 
Centaurus A group offers such a possibility. 

In ICmoievic et al.l ( 1201 Ol) we considered optical Hubble 
Space Telescope (HST) archival images to perform photometry 
of six early-type dwarfs in the Centaurus A group, for which the 
upper part of the red giant branch (RGB) can be resolved. We 
derived their photometric metallicity distribution functions and 
looked for stellar spatial gradients in their (predominantly) old 
populations. Si milar work was done for early-type dwarfs in the 
M81 group bv iLianou et al.l (l2010h . However, we pointed out 
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that optical photometry alone is not enough to unambiguously 
estimate the fraction of intermediate-age populations (lAPs) in 
these objects, given the substantial amount of Galactic fore- 
ground contamination in the direction of the Centaurus A group. 
Previous studies have shown that luminous asymptotic giant 
branch (AGB) stars, indicative of such an lAP, are brighter in 
the near-infrared (NIR) bands, and that the foreground is easier 
to se parate from the galact i c stellar content w ith this kind of data 
(e.g., iReikuba et aLlBooel: iBover et al.ll2009l) . The combination 
of optical and NIR data is thus a powerful tool to investigate to 
which extent and at which ages the target dwarfs produced their 
lAPs. 

Early-type dwarf galaxies of the Centaurus A group have 
been observed in NIR bands, with the Infrared Spectrometer And 
Array Camera (ISAAC) at European Southern Observatory Very 
Large Telescope (ESO VLT). The first results for two early-ty^ge 
dwa rf members of this group were presented in iReikuba et all 
(1200 6). We now further study three additional objects of the NIR 
sample. 

The paper is organized as follows. We describe the data in 
^ and present the derived color-magnitude diagrams (CMDs) 
for both wavelength sets in |3] The lAPs are then investigated 
in detail in ® and the discussion is presented in ^ Finally, we 
draw our conclusions in ^ 



2. Data and photometry 

Within the ESO observing programme 073.B-0131 we collected 
NIR observations of 14 early-type dwarfs in the Centaurus A 
Group. We choose to study in detail here those galaxies that 
could be fully resolved (due to good seeing conditions, i.e. see- 
ing < 0.6 arcsec) in their stellar content from these observa- 
tio ns, and for which arch ival HST data were already analyzed 
byJCmoievic et al.' (201(f), similarly to what was already done 
bylRejkubaet al. (2006). 

The sample consists of three objects, namely CenA-dEl, 
SGC1319.1-4216 and ESO269-066 (in order of increasing lu- 
minosity). We report the main properties of the target galaxies in 
Table □ 

We will now separately consider the optical and NIR data for 
the studied galaxies. 

2.1. Optical photometry 

The archival optical HST data, taken with the Advanced Camera 
for Survey s (ACS), were already presented and discussed in 
ICrnoievi3^et al.l (120 lOi) . and are not described in detail here 
again. For each one of the target galaxies there is one 1200 sec- 
onds exposure in the F606W filter (roughly corresponding to the 
V-band) and one 900 seconds exposure in the F814W filter (cor- 
responding to the /-band). The photometry was performed using 
the DOLPHOT package (Dolphin 2002), which was also used 
to estimate photometric errors and observational incompleteness 
via artificial star tests. Typical photometric errorbars from artifi- 
cial star tests are shown in the CMDs in Fig.[T] The DOLPHOT 
package additionally provides magnitudes in the ground-based 
V- and /- bands, which are the ones we use throughout the pa- 
per. The 50% completeness level in the V-band lies in the range 
~ 27.2 - 26.8, where the first value refers to the least crowded 
of the galaxies in this sample, CenA-dEl, and the second to the 
most crowded, ESO269-066. In the /-band, the 50% complete- 
ness ranges from ~ 26.6 to ~ 26.1. The number of stars in the 
final photometric catalogs (after quality cuts) is 3675, 26713 and 
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Fig. 1. Optical (dereddened) CMDs of the target galaxies, ordered by 
increasing luminosity. The dominant feature of the CMDs is a promi- 
nent RGB, with a small presence of luminous AGB stars above the 
TRGB (indicated by a red dashed line). Representative photometric 
errorbars are plotted on the left side of the CMDs. Green lines are 
stellar isochrones with a fixed age of 10 Gyr, and varying metallic- 
ity: [Fe/H]= -2.5, -1.52 and -1.1 (from the blue to the red side) 
for CenA-dEl; [Fe/H]= -2.5, -1.08 and -0.4 for SGC1319.1-4216; 
[Fe/H]= -2.5, -1.21 and -0.4 for ESO269-066 (see text for details). 



39064 for CenA-dEl, SGC1319.1-4216 and ESO269-066, re- 
spectively. 

2.2. Near-infrared pliotometry 

Deep NIR images of the target dwarfs were taken in service 
mode with the short wavelength arm of ISAAC NIR array at the 
VLT at ESO Paranal Observatory. The field of view of the short 
wavelength arm of ISAAC is 2.5 x 2.5 arcmin- and the detector 
has a pixel scale of 0. 148 arcsec. Each galaxy was observed once 
in the Js -band by coadding a sequence of dithered short expo- 
sures, amounting to a total exposure time of 2100 sec per galaxy. 
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Table 1. Fundamental properties of the target dwarf galaxies. 



Galaxy 


RA 


DEC 


T 


D 


DceiiA 


E{B - V) 


Mv 


<[Fe/H]>„„rf 


Last SF 




(J2000) 


(J2000) 




(Mpc) 


(kpc) 






(dex) 


(Gyr) 


CenA-dEl, KK189 


13 1245.0 


-4149 55 


-3 


4.42 ± 0.33 


676 ± 483 


0.11 


-11.99 


-1.52 ±0.20 


~9 


SGC1319.1-4216, KK197 


132201.8 


-42 32 08 


-3 


3.87 ± 0.27 


198 ± 112 


0.15 


-13.04 


-1.08 ±0.41 


2-5 


ESO269-066, KK190 


13 13 09.2 


-44 53 24 


-5 


3.82 ± 0.26 


113 ±412 


0.09 


-13.89 


-1.21 ±0.33 


2-3 



Notes. The columns are as follows: column (1): name of the galaxy; (2-3): equatorial coordinates (J2000, units of right ascension a re hours, min- 
utes, a nd seconds, and units of declination are de grees, arcminutes, a nd arc seconds); (4): de Vaucouleurs' morphological T-type from lKarachentsevI 
l l2005h : (5): distance of the galaxy derived by Karachentsev et al. (2007) with the TRGB method; (6): deprojected distance of the galaxy from 
the domin ant elliptical CenA ( Cmojevic et al. 2010); (7) foreground reddening from Schlegel et al. ( 1998); (8): total absolute V magnitude from 
iGeorgiev^ et al. ( 2008); (9): photometrically derived median metallicity and intrinsic metallicity dispersion of RGB stars, taken from lCmoievic et aP 
( 120101) ; and (10): epoch of most recent significant star formation episode, as derived in Sect. 14.21 



Table 2. NIR imaging observing log. 



Galaxy 


Date 
(dd/mm/yy) 


F 


(sec) 


AM 


Seeing 
(arc sec) 


CenA-dEl 


21/04/04 


Ks 


2352 


1.23 


0.59 




11/05/04 


Ks 


2352 


1.08 


0.34 




27/05/04 


Ks 


2352 


1.21 


0.41 




27/05/04 


Js 


2100 


1.11 


0.44 


SGC1319.1-4216 


14/05/04 


Ks 


2352 


1.44 


0.43 




10/07/04 


Ks 


2352 


1.11 


0.47 




10/07/04 


Js 


2100 


1.20 


0.77 




19/07/04 


Js 


2100 


1.32 


0.44 


ESO269-066 


11/05/04 


Ks 


2352 


1.20 


0.41 




31/05/04 


Ks 


2352 


1.12 


0.34 




31/05/04 


Js 


2100 


1.21 


0.41 



Notes. The columns contain: (1): galaxy name; (2): date of observation; 
(3): filter; (4): exposure time (for the dithered sequences, units of sec); 
(5): airmass (given for the central image in each sequence); and (6): 
seeing of the combined images (as measured on the combined images, 
units of arcsec). 



Ks -band images were taken with a similar strategy at two differ- 
ent epochs, amounting to a total exposure time of 4704 sec per 
galaxy. The observing log is reported in Tab. |2] 

The standard procedure in reducing IR data was used, and 
the details of ISAAC data reduction with IRApQ are described by 
iRejkuba et al ] (l2Q01h . At the end of the reduction all the images 
taken in a single dithered sequence were combined. From now 
on when we refer to an image observed in the Js -band or Ks - 
band we always refer to these combined dithered sequences, and 
we also drop the "s" subscript and just use the nomenclature 
convention J- and /T-band. 

For all the targets point spread function (PSF) fitting pho- 
tometry was performe d using the suite o f DAOPHOT and 
ALLFRAME programs ('Stetson"1987','1994'). The procedure for 
each galaxy target included the following steps. For each image 
we detected all the point sources and determined their PSF us- 
ing at least 30 relatively bright, non-saturated stars, well spread 
across the field. For the observations in both filters the coor- 
dinate transformation were derived. The complete star list was 
then created from the median combined image. In case of large 
variations of seeing between different images, the worst seeing 
image was not used in the median combination. PSF fitting pho- 
tometry using this star list and coordinate transformations was 
performed simultaneously on each image using ALLFRAME 

' IRAF is supported by the National Optical Astronomy 
Observatories, which are operated by the Association of Universities 
for Research in Astronomy, Inc., under cooperative agreement with the 
National Science Foundation. 



(IStetsonl[l994l) . The final photometric catalog for each galaxy 
contains all the sources that could be measured in both the J- 
band and at least one /iT-band image. We further apply the fol- 
lowing quality cuts to the catalog: the photometric eiTors (as 
measured by ALLFRAME) need to be smaller than 0.3 mag in 
both bands; the sharpness parameter has an absolute value < 2; 
and we impose < 1.5. The number of stars from the NIR pho- 
tometry in each galaxy is: 347 (CenA-dEl), 1505 (SGC1319.1- 
4216) and 3428 (ESO269-066). 

We have tied our photometry to the 2MASS photometric sys- 
tem (ICarpenterll200 1 PI by matching all the point sources from 
2MASS observed in our fields with our /-band and A'-band de- 
tections (the adopted photometric system is the Vega system). 
Zero points for each galaxy included thus the correction for the 
atmospheric extinction. Typically more than 7 stars had 2MASS 
magnitudes, resulting in zeropoint uncertainties of the order of 
0.02 to 0.1 mag in the 7-band and 0.03 to 0.15 mag in the K- 
band. 

Completeness and magnitude errors were measured using ar- 
tificial star tests. Fake stars were added to each image using its 
measured PSF and adding the expected noise. Photometry of all 
the stars was then performed and typical photometric errors were 
derived as the difference between input and recovered magni- 
tude. We also compute the percentage of recovered simulated 
stars, and test to which extent stellar crowding affects the com- 
pleteness of the observations. CenA-dEl is the least crowded 
galaxy of our sample, while ESO269-066 is the most crowded. 
We choose an elliptical radius that divides the stellar sample 
into a central subsample (which should be the most affected by 
crowding) and a subsample containing stars in the outskirts of 
the galaxies. To defi ne this radius, we use the stellar density 
profiles computed in ICmoievic et al.l (l2010l) . CenA-dEl is off- 
center in the ISAAC field of view, so we can use the galaxy's 
limiting (=tidal) radius, beyond which almost only field stars are 
found. SGC1319.1-4216 and ESO296-066 are more extended 
than the field of view , so we adopt the half-light radius from 
Crnoiev ic et al.l (l2010h . The completeness curves are shown in 
Fig. |2] for both the J- and /T-band and for both the central and 
external stellar subsa mples. We fit the curv es with the analytic 
function introduced bv lFleming et al.l (Il995h 

j: _ }_ ^ _ g(m - OTq) 

2 -^1 + a^(m - OTo)^ 

and overplot the best-fit solutions in Fig. |2] We note that com- 
pleteness curves for particularly crowded fields can be also well 
fitted by alternative analytical functions (e.g., the skewed Fermi 



" http://www.ipac.caltech.edu/2mass/releases/allsky/doc/sec6_4b.html/. 
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CenA-dEI 




Fig. 3. Optical (left panel) and NIR {right panel) dereddened CMDs 
for CenA-dEI. Representative photometric errorbars are plotted on the 
left side of the CMDs. The green crosses represent the Galactic fore- 
ground contamination as predicted by TRILEGAL models, while the 
red asterisks are simulated using the Besanfon models. The simulated 
data include corrections for photometric errors and account for incom- 
pleteness effects. The models show that the optical CMD is heavily con- 
taminated by foreground objects in the region above the TRGB, while 
in the NIR CMD is it easier to disentangle foreground stars from the 
stars belonging to CenA-dEI. 




19 20 21 22 23 24 



Fig. 2. J- and A'-band completeness curves for the target galaxies. The 
dashed line shows the 50% completeness level. Dots delineate curves 
that were computed using stars from the central region of the galaxy, 
while crosses are for stars located in the outskirts of the galaxy (see text 
for details). W e overplot the best-fitt ing analytic completeness functions 
as solid lines ( jPleming et al.|[T993) . Even for the most crowded field 
(ESO269-066), the inner and outer completeness curves differ very lit- 
tle. 



law, see iPuzia etalJ[T999l) . but the choice of the fitting func- 
tion does not affect our conclusions. Also in the case where the 
crowding is higher, namely for ESO269-066, the completeness 
is not changing significantly as a function of galactic radius. 
For example, for ESO269-066 the 50% completeness limit (in 
both bands) is only ~ 0.2 mag fainter for the external subsam- 
ple than for the central one. From now on we will thus assume 
the completeness to be constant with radius. The photometric er- 
rors we derive are shown for each galaxy in the Figures of the 
next Section as representative errorbars in the CMDs (they do 
not include zero point uncertainties). 



3. Color-magnitude diagrams 

3.1. Optical CMDs 

The optical CMDs of the target galaxies are shown in Fig.[T] The 
data were dereddened taking the Galactic foreground redden- 
ing values from the NASA/IPAC Extragalactic Database (NED) 
which are based on the Schlegel extinction maps (Schlegel et al.l 
Il998h . It was assumed that these galaxies do not have a signifi- 
cant internal extinction due to the lack of current star formation. 
While locally enhanced extinction values could be present (i.e., 
around dust obscured carbon-rich AGB stars), this will only af- 
fect the individual star itself. We discuss in Sect.|4]the possibility 
of missing such stars in our sample. 

It can be seen that the stellar populations are dominated by a 
prominent RGB, which is indicative of an old population, but an 
accurate age-dating is not possible due to the metallicity-age de- 
generacy present in the RGB. The observations reach ~ 2.5 mag 
(/-band) below the tip of the RGB. The latter is computed from 
the /-band luminosity function using a Sobel edge-detection fil- 
ter (L^eetaL199_3). We find /o.rRCB = 24.13±0.12, 23.96 + 0.13 
and 23 .83 + 0. 1 2 for CenA-dEl' , SGC 1 3 1 9. 1 -42 1 6 and ES0269- 
066, respe ctively. Not s urprisingly, our results agree with the 
results of iKarachentsev et al. (2007) derived using the same 
dataset {Iqjrgb = 24.18 + 0.07, 23.89 + 0.04 and 23.86 + 0.04, 
respectively). 

For the RGB stars, median metallicities and interna l metal- 
licity dispersions were derived bv lCmoievic et al 1 (120101) assum- 
ing that they are mainly old stars (> 10 Gyr) . Stellar isochrones 
from the Dartmouth evolutionary database (iDotter et al.l 120081) 
were used. First, a fixed age of 10 Gyr was assumed, and the 
metallicity was varied. Then, a metallicity value for each RGB 
star located between the TRGB and ~ 1 mag below it was in- 
terpolated from this grid of isochrones, and a metallicity distri- 
bution function derived for the galaxy. In Fig. [1] we overplot 
three isochrones on each CMD: the first has the lowest metallic- 
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ity value for that galaxy (corresponding to the lowest metallicity 
available from the isochrone set), the second represents the me- 
dian metallicity (also reported in Tab. [TJ, and the last the highest 
metallicity value found. 

With the current observations, we can exclude the presence 
of stars younger than ~ 500 Myr in these galaxies (from the ab- 
sence of an upper main sequence or supergiant stars), but above 
the TRGB of each galaxy we can see a number of stars that are 
probably luminous AGB stars. They are the bright tip of the 
iceberg of an lAP (~ 1 to 9 Gyr), which we expect to find at 
this position for metal-poor stellar populations. For populations 
more metal-rich than [Fe/H]~ -1.0, some old and metal -rich 
stars may also be found above the TRGB, but our target objects 
are predominantly metal-poor (see Tab. [T), so we conclude that 
the presence of such stars is not significant in our sample. 

Unfortunately, the low Galactic latitude of the Centaurus 
A group (b ~ 20°) means that a substantial amount of 
Galactic foreground stars contaminate the CMDs of our tar- 
get galaxies. We simulat e the expected fore ground using both 
the TRILEGAL models (G irardi et al] 1200 5') and the Besan9on 
models (Robin etal. 2003). An example of the expected con- 
tamination in our CMDs is shown in Fig. |3] We plot both op- 
tical and NIR CMDs for CenA-dEl, and overplot the positions 
of foreground stars predicted by the two models (blue crosses 
for TRILEGAL and red asterisks for Besangon). We convolve 
the simulated data with photometric errors and take into ac- 
count incompleteness effects, and we stress that the simulated 
Galactic stars are only one random realization of the adopted 
models. Just for comparison purposes, we only plot stars simu- 
lated by Besangon models that have masses > 0.1 5M0, since the 
TRILEGAL models do not include them in their computation. 
These excluded few, very low-mass stars would have the effect 
of extending the Besan9on plotted sequence to slightly redder 
colors. We can notice that at magnitudes Kq < 20.5 and colors 
Jo -K() < I (where only foreground stars are found), the number 
counts resulting from the models are comparable to each other, 
and similar to the number of observed stars. We stress, how- 
ever, that the models give slightly different results, and in par- 
ticular the Besangon model reaches slightly redder colors, but 
a comparison between the models is beyond the goals of this 
study. Overall, it is clear from the left panel that the luminous 
AGB region is the most affected in the optical, and we have 
no way of determining which stars belong to the dwarf galaxy 
and which are part of the foreground. We will come back to the 
NIR CMD in the following Section. In iCrnoievic et all ( l20Toh 
we gave a rough estimate of the possible fraction of the lAP 
for the target early-type dwarfs b y using the fuel con sumption 
theorem (originally introduced bv lRenzini & Bu zzoni' 1986, see 
also Armandroff et al. 1993). We point out that the lAP fractions 
we report throughout this work are intended as numbers of stars 
(i.e., number of luminous AGB stars to old RGB stars). The re- 
sults were the following: for CenA-dEl and SGC1319.1-4216 
the lAP fraction is ~ 10%, while for ESO269-066 it is ~ 15% of 
the entire population. 

3.2. Near-infrared CMDs 

The NIR CMDs are presented in Fig. |4] We have corrected the 
magnitudes for foreground reddening, referring to the N ED val- 
ues derived from the Schlegel extinction maps (Schleg el et al.l 
11998 ). For all of the galaxies, the upper part of the RGB is vis- 
ible at Jq > 23 and /To > 22, and the stars above this limit are 
likely belonging to the lAPs of these galaxies. We also overplot 
the 50% completeness limits in all of the panels. 




Fig. 4. NIR (dereddened) CMDs of the target galaxies, ordered by in- 
creasing luminosity. Representative photometric errorbars are plotted 
along the CMDs. The red dashed lines indicate the expected position of 
the TRGB as a function of metallicity (see text for details). The green 
lines are isochrones with a fixed age of 10 Gyr and spanning the metal- 
licity range of each target galaxy, with the same values as in Fig.[T] The 
blue solid lines indicate the 50% completeness limits. 
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ESO269-066 

J„ 



19.5 20 20.5 21 21.5 22 22.5 23 23.5 

Jo'^ 

Fig. 5. NIR luminosity functions for the Jq- and A^o-bands of the target 
galaxies, ordered by increasing luminosity. The numbers have been cor- 
rected for Galactic foreground contamination. The arrows indicate the 
predicted values for the TRGB at the median metallicity of the galaxy, 
while the horizontal lines above the arrows show the range of predicted 
TRGB values that stem from the spreads in metallicity (see text for de- 
tails). 



We compute the expect ed TRGB magnitude in both bands 
using the formulae given in IValenti et alJ (l2004l) . assuming the 
distance moduli derived in the previous Section and the me- 
dian metallicities reported in Tab. [T] The resulting values are: 
JojRGB = 22.96 + 0.18, 22.56 + 0.18 and 22.56 + 0.18, and 
KoTRGB = 22.00 + 0.18, 21.50 + 0.18 and 21.52 + 0.18 for 
CenA-dEl, SGC1319.1-4216 and ES0269-99, respectively. We 
emphasize that the TRGB is not constant as a function of metal- 
licity in these bands, in other words its luminosity depends on 
the metallicity value of the galaxy and all of our targets have 
a considerable metallicity spread within them. However, as can 
be seen from the meta llicity distribution functions presented in 
ICmoievic et al. I (1201 01) . most of the stars in a galaxy have metal- 
licity values around the median value, so that in the luminosity 



function of the galaxy the approximate locus of the TRGB will 
still be recognizable as a stellar count decrease toward brighter 
magnitudes (although not an as well-defined one, as would be 
the case in /-band). We thus check our NIR estimates of the ap- 
proximate TRGB magnitudes by additionally plotting the lumi- 
nosity function for both bands in Fig. |5] The luminosity func- 
tions were dereddened, and for each magnitude bin the number 
of predicted Galactic foreground stars from TRILEGAL (simi- 
lar to that given by Besangon) was subtracted. More precisely, 
we considered only a fraction of the predicted foreground stars 
in order to account for observational incompleteness effects (as 
a function of magnitude). As an example, for CenA-dEl in the 
magnitude bin centered at - 21 the completeness (as de- 
rived from artificial star tests) is ~ 95%, so we subtract from the 
dwarf galaxy star counts ~ 95% of the simulated TRILEGAL 
star counts in this ma gnitude bin. T he expected TRGB values 
derived with the iValenti et al.l (|2004|) formula using the median 
metallicities are shown in Fig. |5]as arrows, and agree well with 
the observations. We moreover show a horizontal line including 
the point of origin of the arrows in order to indicate the possible 
range of TRGB values stemming fr om the range of ni etallici- 
ties, again computed following the iValenti et al.l (l2004l) TRGB 
calibration equation. I.e., if we use the lowest/highest end of 
a g iven galaxy's metal licity range to compute the TRGB with 
the'Valenti et al.l (l2004l) formula, we will find a coiTespondingly 
fainter/brighter TRGB value. In addition, the NIR CMDs suffer 
from much larger incompleteness and photometric errors than 
the optical CMDs, such that the most metal-poor tip of the RGB 
is fainter than the detection limit in CenA-dEl and SGC 1319.1- 
4216, while it is close to the detection limit for ESO269-066. As 
a reference, in Fig. |4]we also overplot stellar isochrones over the 
CMDs (as in Fig.[T]) to indicate the metallicity range of the galax- 
ies and the shape of the TRGB. We moreover draw a dashed line 
passing through the TRGB values computed from the lowest, the 
median and the highest metallicities found for each galaxy with 
the .Valenti et al.. (2004) formula, finding a good agreement with 
the theoretical isochrones. 

Also the NIR CMDs are contaminated by Galactic fore- 
ground, but this time the luminous AGB region is not as heavily 
affected as it is in the optical observations (see right panel of Fig. 
O. The vertical feature extending from Jo - Kq ~ 0.3 to ~ 1.0 
in Fig. [3] and |4] and over the whole magnitude range is mainly 
due to Galactic old disk turnoff stars {Jo - Ko ~ 0.36), Galactic 
RGB and red clump stars (Jo - Ko ~ 0.65), and low-m ass dwarfs 
with M< O.6M0 (Jo - Ko ~ 0.85. lGirardiet al.ll2005h . The fact 
that these stars are distributed in vertical sequences is due to the 
range of distances and luminosities that they span. We will now 
take advantage of the fact that the Galactic foreground contami- 
nation is more easily recognizable in the NIR CMDs in order to 
look for AGB candidates in our galaxies. 



3.3. Combined CMDs 

Our goal is to use the combined HST/ACS and VLT/ISAAC data 
to reliably identify candidate AGB stars. To do this, we first 
cross-correlate the optical and NIR photometric catalogs. The 
coordinate transformations are initially derived using the IRAF 
tasks geomap and geoxytmn. Successively, the combined c atalo g 
is obtained with the programme DAOMASTER (Stetson f987h . 
In Fig.|6]we show the expected location of luminous AGB stars, 
in both optical and NIR CMDs of CenA-dEl and SGC1319.1- 
4216, by ov erplotting the isochr ones from the Padova evolution- 
ary models dGirardi et al.ll20l6l) . We point out that some spread 
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-r^T ' ^ 

SGC1319.1-4216 




Fig. 6. Optical and MR (dereddened) CMDs for CenA-dEl and 
SGC1319. 1-4216. Representative photometric errorbars are plotted 
along the CMDs. The red lines are isochrones from the Padova evo- 
lutionary models with improved AGB phases (Girardi et al. 2010). For 

CenA-dEl, they have the mean metallicity of the galaxy ([Fe/H] 1.5) 

and ages of 2 and 9 Gyr; for SGC1319.1-4216 the metallicity is [Fe/H]~ 
-1.0 and the ages 2 and 5 Gyr. 



of the AGB star magnitudes and colors around the expected posi- 
tions is due to photometric errors and to their intrinsic variability. 

The combined lists of stars that have both optical and NIR 
photometry contain 115, 344, and 919 stars, for CenA-dEl, 
SGC1319.1-4216 and ESO269-066 respectively, and in the up- 
per panels of Fig. |7] [8] and |9] we show both the optical and the 
NIR CMDs of the combined list of stars for each of the three 
galaxies. We note that these numbers are indeed much lower 
than the numbers of stars found in the optical photometric cat- 
alogs alone (see Sect. 12.1b . This is partly due to the fact that 
the ISAAC field of view is slightly smaller than the ACS one, 
and partly due to the higher resolution and photometric depth 
of ACS. Unfortunately, this results in a loss of information in 
the process of cross-correlation, since there could be some mis- 
matches in the cases where more than one optical source is found 
in the vicinity of a NIR source. This is particularly true for 
SGC1319.1-4216 and ESO269-066, where the stellar density is 
higher, and from Fig. |8]and|9]we see that the NIR foreground 
sequences are poorly populated because of such mismatches. To 
avoid a loss of information for the part of the CMD in which we 




1 2 3 4 5 6 7 8 



Fig. 7. Upper panel. Optical and NIR (dereddened) CMDs for CenA- 
dEl, showing the stellar point sources cross-identified in both cata- 
logs. Also shown are the boxes used to select luminous AGB candidate 
stars, and the resulting candidates are plotted as red circles. The ob- 
jects marked with a black cross are cross-identified in the two datasets, 
but turn out to be probable background galaxies after visual inspection. 
Representative photometric errorbars are plotted along the CMDs. The 
blue solid lines in the NIR CMD indicate the 50% completeness limit. 
Lower panel. Combined CMDs in Vo- and A'o-bands for CenA-dEl. 
The stellar sources and the symbols are the same as above. We also plot 
(green lines) the isochrones with a fixed age of 10 Gyr and spanning the 
metallicity range of the galaxy, with the same values as in Fig. [T] The 
blue lines have the same meaning as in the upper panel. 



are most interested, we check visually the positions of the stars 
that are found within our selection boxes (see below) in both 
the NIR and optical catalogs, and add in this way a few more 
matches to our combined catalogs. 

On the same CMDs, we also overplot the boxes used in both 
optical and NIR to select candidate AGB stars. For the optical, 
the box extends from a magnitude of Iojucb-cti, where crj is the 
observational error at that magnitude (in order not to select RGB 
stars with erroneously higher magnitudes because of photomet- 
ric errors), up until Mj ~ -5.5. The color range goes from the 
bluest edge of the TRGB to Vo - /o ~ 4 (there are no stars redder 
than this value). This should be the magnitude range that lumi- 
nous AGB stars with the average metallicity of the target galax- 
ies cover (see Reikuba et al. 2006, and references therein). For 
SGC1319. 1-4216 and ESO269-066, we choose to extend the op- 
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Fig. 8. Same as inFig.|7l for the galaxy SGC1319.1-4216. 



Fig, 9, Same as in Fig.|7]and[8l for the galaxy ESO269-066. 



Ileal selection box based on a few stars with colors Vq - Iq > 2.5 
that have magnitudes below that of the TRGB derived from the 
median metallicity. These stars could belong to the metal-rich 
population, as the TRGB has in fact slightly fainter magnitudes 
at increasing metallicities (see, e.g., Fig.[TJ. For the NIR, the se- 
lection box contains all the stars that are found above the TRGB 
in these bands, and redwards of the reddest foreground stars of 
the vertical plume. Our final "AGB candidates" are those stars 
that are simultaneously found in the optical and the NIR selec- 
tion boxes, and are plotted in red on these CMDs. We also over- 
plot the 50% completeness limits to the NIR CMDs, in order to 
point out that we might be missing the detection of a few lumi- 
nous AGB stars with colors 7o-^o S 1.0-1.5. This is true in par- 
ticular for SGC1319.1-4216 and for ESO269-066, which have a 
more metal-rich extension than CenA-dEl. Given the number 
of stars in the low completeness region, we estimate that there 
could additionally be at least ~ 10 undetected AGB stars for 
SGC1319.1-4216 and ~ 40 for ESO269-066. 

There are in total 13 AGB candidates for CenA-dEl, 41 for 
SGC 1 3 1 9. 1 -42 1 6 and 1 76 for ESO269-066. For CenA-dE 1 , we 
can see that the four brightest candidates are detached from the 
rest of the red dots, so we perform a visual inspection of the 
images and conclude that they are barely resolved background 
galaxies. In general, the above reported numbers are lower limits 
to the total number of luminous AGB stars in the target galaxies, 
given the NIR incompleteness limits. 



The lower panels of Fig. |7] |8] and |9] show the composite 
Vo - Ko versus Kq CMDs for the three studied galaxies. We plot 
the stars found in the combined lists and mark in red the AGB 
candidates. To show the expected TRGB position and to stress 
the metallicity spread of these galaxies, we also plot the same 
isochrones as in Fig. [T] and |4] When looking at the combined 
CMDs, we notice that there are many objects that are found in 
the region above the TRGB, but that are not identified as candi- 
date AGB stars. These sources are mostly foreground contami- 
nants, which are distributed all over the CMDs for these magni- 
tude combinations, but some o f them might be unres olved back- 
ground galaxies. In particular, ISaracco et al.l (1200 lb study deep 
ISAAC observations to derive the number counts of unresolved 
high-redshift galaxies. From their Fig. 1 we estimate a number 
of galaxies of up to ~ 300 for our field of view, for magnitudes 
18 < /To < 22 and distributed on the CMD as shown in their 
Fig. 3. Due to the combination of high resolution HST data in 
addition to excellent seeing ISAAC images, as well as to the 
quality cuts applied to our PSF photometry, most of these galax- 
ies will be rejected from the final combined catalogs, but there 
is still the possibility of having a few high-redshift and compact 
contaminants among our AGB candidates, although this cannot 
be clarified with the current data. The objects found at colors 
Vo -^0^8 are indeed barely resolved background galaxies, as 
confirmed by visual inspection. 
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Table 3. List of the AGB candidates for each galaxy in this study. 





ID 




^2000 




<J2000 


io 








Vn 




In 




CenA-dEl 


168 


13 


12 


46.07 


-41 


50 


53.23 


22.60 


+ 


0.10 


21.30 ± 


0.07 


25.45 ± 


0.03 


23.76 ± 


0.03 




204 


13 


12 


49.83 


-41 


50 


38.48 


23.13 


+ 


0.14 


21.72 + 


0.08 


25.39 ± 


0.03 


23.87 ± 


0.03 




329 


13 


12 


47.39 


-41 


50 


35.96 


22.75 


+ 


0.10 


21.39 + 


0.07 


25.33 ± 


0.03 


23.71 ± 


0.03 


SGC1319.1-4216 


224 


13 


22 


01.21 


-42 


32 


31.06 


22.77 


+ 


0.10 


21.40 ± 


0.12 


24.24 ± 


0.02 


22.74 ± 


0.02 




517 


13 


22 


01.97 


-42 


32 


15.43 


22.88 


+ 


0.13 


21.48 ± 


0.12 


25.77 ± 


0.05 


23.71 + 


0.03 




562 


13 


22 


03.12 


-42 


32 


17.90 


21.66 


+ 


0.05 


20.45 ± 


0.05 


26.46 ± 


0.06 


23.67 + 


0.03 


ESO269-066 


919 


13 


13 


10.34 


-44 


52 


49.72 


21.82 


+ 


0.05 


20.51 ± 


0.03 


25.65 ± 


0.04 


23.47 ± 


0.02 




1008* 


13 


13 


11.16 


-44 


53 


30.06 


22.23 


+ 


0.07 


20.67 ± 


0.05 


26.17 ± 


0.05 


23.61 ± 


0.03 




1246 


13 


13 


09.19 


-44 


53 


01.55 


22.13 


+ 


0.07 


20.73 ± 


0.05 


26.29 ± 


0.06 


23.46 + 


0.02 



Notes. The columns contain: (1): galaxy name; (2): stellar ID from the combined catalog; (3-4): equatorial coordinates (J2000, units of right 
ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds); (5) dereddened apparent io-band 
magnitude; (6): dereddened apparent A^o-band magnitude; (7): dereddened apparent Vo-band magnitude; (7): dereddened apparent /o-band magni- 
tude. Note that the given photometric errors are the ones resulting from the photometric package. Variable candidates are denoted with an asterisk. 
For each galaxy, only the first three entries are reported, while the complete table is available from the CDS. 



4. Intermediate-age populations 

From the combined optical and NIR CMD analysis of the pre- 
vious Section, we are left with 9 luminous AGB candidates for 
CenA-dEl, 41 for SGC1319.1-4216 and 176 for ESO269-066. 
We report the coordinates and magnitudes of these candidate 
AGB stars in Tab. [3] (the complete table is available electroni- 
cally). These stars belong to the lAP of the target dwarfs, while 
a few old and metal-rich AGB stars could be also present for 
SGC1319.1-4216 and ESO269-066, given the red extension of 
their RGBs. We stress that the old and metal-rich stars in our 
sample are a very small percentage of the whole luminous AGB 
population, given the low fraction of stars with [Fe/H]< -0.7. 
Therefore, in the subsequent analysis, we will neglect their con- 
tribution, thus considering all our AGB candidates to belong to 
the lAR We now want to look at their properties in more detail. 

Generally speaking, with these data it is not possible to 
firmly separate carbon-rich from oxygen-rich stars among our 
AGB candidates. However, for such metal-poor galaxies we 
woul d expect to find c arbon-rich stars at colors 7o - k, 1-5 
(e.g. iKang et aTll2006L and references therein), and a few stars 
with these colors are indeed present in all of our target galaxies. 

We check whether our stellar samples contain dust en- 
shrouded AGB stars. This kind of objects are extremely faint 
or undetected in the optical, very red at NIR wavelengths and 
thus not easily detectable in the /-band because of incomplete- 
ness e ffects in our observations. For example, Ivan Loon et al.l 
(I2005h consider a sample of ~ 40 stellar clusters with a range of 
ages and metallicities in the Small and Large Magellanic Clouds. 
They find a total of about 30 dust enshrouded AGB stars in ~ 20 
young and intermediate-age clusters. These stars are found at 
J-K > 2.5, and have metallicities higher than [Fe/H]= -0.9 dex. 
However, for clusters with ages and metallicities comparable to 
our target galaxies, no dust enshrouded AGB stars were detected. 
We thus do not expect a significant number of dust enshrouded 
stars to be present in our target galaxies. We search for stars that 
have good TiT-band measurement but no 7-band counterpart, and 
find two such objects in CenA-dEl, none in SGC1319. 1-4216 
and one in ESO269-066. Of the mentioned sources, in CenA- 
dEl one is found slightly outside the limiting radius, while the 
second is close to the center but has a good measurement only 
for one of the two /T-bands; in ESO269-066 the dust enshrouded 
candidate also has a bad measurement in one of the two bands. 



We thus mention that these are candidates but could just as well 
be unresolved background galaxies (see previous Sect.). 

4.1. Variable candidates 

We can also look for additional AGB candidates by consider- 
ing variability, which is an intrinsic characteristic of luminous 
AGB stars. For all of the target galaxies we have at least two ob- 
servations in the TiT-band, so we use the difference between the 
stellar magnitudes at different epochs as a variability indicator 
For a long period variable star, the typical maximum magnitude 
difference is ~ 0.1 to ~ 1.5 mag in the /T-band, and the period 
is on the order of ~ lO^^^* days (see for example iReikuba et al.l 
2003, and references therein). We should thus expect to see vari- 
ations of a few tens of a magnitude at most, given the observing 
timescales for our targets (see Tab.|2}- 

For CenA-dEl, there are three observations in the /T-band 
due to one repeated observation. There are 36 days between the 
first and the last one (see Tab. |2]i, which are barely enough to 
put a lower limit on the number of possible long-period vari- 
ables. We check whether there are variations between the dif- 
ferent /T-band observations, but find none. We then also check 
the whole combined list of sources, looking for stars that dis- 
play a magnitude variation of more than 3 times the combined 
photometric errors of the individual measurements. We find two 
additional variable sources that lie just below the lower limits 
of the AGB selection boxes, and thus include them in our AGB 
candidates list. However, when checking them on the images we 
find that their profiles look like those of barely resolved back- 
ground galaxies. In Fig. [TOl(upper panel) we display the /T-band 
magnitude difference between the second and the third epochs, 
since these are the ones with better seeing, for all the candidate 
AGB stars except one, because it has a bad measurement in the 
second /T-band observation. Shown (in green) are also the two 
likely background galaxies. 

The K-hmd observations of SGC1319. 1-4216 were taken 57 
days apart, and three of the AGB candidates display variability 
(blue dots in the central panel of Fig.fTOli. When considering the 
entire sample, two stars that lie just leftwards of the NIR se- 
lection box, and are found inside the optical selection box, are 
indeed variables exhibiting a luminosity change by more than 
3cr (green symbols). We add the two latter to the number of can- 
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Fig. 10. ^-band magnitude difference between the first and second ob- 
servation (or second and third in the case of CenA-dEl), against the 
combined dereddened K magnitude. The target galaxies are ordered by 
increasing luminosity. We display the magnitude difference for candi- 
date AGB stars, plus for those stars that lie at the edges of the selec- 
tion boxes but show variability (green dots). For CenA-dEl, the latter 
turn out to be probable background galaxies after visual inspection and 
have a black cross on top of the circle (see text for details). Blue ob- 
jects are AGB candidates for which the magnitude varies by more than 
3 times the combined photometric errors of the individual measure- 
ments in the two observations (or in any combination of observations 
for CenA-dEl). Finally, both for CenA-dEl and SGC1319.1-4216 one 
AGB candidate is not shown since it has a bad measurement in one of 
the two plotted A'-bands. 



didate AGB stars for SGC1319. 1-4216 (and report them in the 
electronic version of Tab.|3]l. Also in this case, one AGB candi- 
date has a bad measurement in the second /T-band observation 
and is thus not shown in the plot. 

Finally, for ESO269-066 the timescale for the observations is 
very short, only 20 days. We are able to see a variability of more 
than 3cr for only four AGB candidates, as can be seen from the 
bottom panel of Fig.[TO] No additional variable candidates were 
found for this galaxy. 

4.2. Absolute bolometric magnitudes 

We can now use the luminosity of the candidate AGB stars to 
constrain their ages. This is possible since in this evolutionary 
stage, at a given metallicity, there is no degeneracy between po- 
sition in the CMD and age. In particular, the maximum bolomet- 
ric luminosity in the sample of AGB candidates can tell us when 
the most recent episode of star formation took place in a galaxy, 
with the further advantage that the metallicity dependence of the 
luminosity is weak compared to the age dependence. We refer 
in particular to Fig. 19 of Reikuba et al. (2006), where an empir- 
ical relationship is found between age and absolute bolometiic 
magnitude of the tip of the AGB, starting from data for LMC 
and SMC clusters. Although the bolometric luminosity at the 
AGB tip also depends on metallicity, this has less of an effect 
than the age dependence. For example, according to the Padova 
stellar evolutionary models, at a fixed age (either 2, 4, 6 or 9 
Gyr) the difference in bolometric AGB tip luminosity between 
metallicities of Z=0.0006 (i.e., [Fe/H]= -1.5), Z=0.0019 (i.e., 
[Fe/H]= -1.0) and Z=0.006 (i.e., [Fe/H]= -0.5) is only ~ 0.2 
mag. 

We thus first compute the bolometric magnitudes of our lu- 
minous AGB candidates for each galaxy. We can apply bolo- 
metric corrections to both our optical and NIR results, and see 
wheth er they give consistent values. Following Reikuba et aP 
(l2006h (see also their discussion ), we adopt NIR bolometric 
corrections from [Co sta & Frogel! (1 1 996b and optical ones from 
iDa Costa & Armandrofil (Il990l) . The results for the three most 
luminous stars in both optical and NIR wavelengths (which in 
some cases overlap) are reported in Tab. 

For CenA-dEl, the three most luminous stars in the NIR 
have absolute bolometric magnitudes of Mbni.NiR ~ ~4.1 + 0.2 
to ~ -3.8 + 0.2, while the values derived from the optical are 
Mboi,opt ~ -4.1 + 0.2 to ~ -4.0 ± 0.2 (with one star in com- 
mon between the two subsamples). The optical data were taken 
about 20 days later than the NIR data. We take the average 
Mhoi from the three most luminous AGB candidates, which are 

MhoUNiR ~ -3.9 ± 0.4 and Mtoi.opi 4.1 + 0.3, respectively. 

When putting these values on the age-absolute bolo metric mag- 
nitude of AGB tip relation of iReikuba et alj (l2006l) . we obtain 
an age of approximately 9.0+1 Gyr for the most recent episode 
of star formation, indicating that there was very little activity in 
this galaxy other than at quite old ages. 

In SGC1319. 1-4216, the three most luminous AGB candi- 
dates have Mhoi,NiR 5.4 + 0.5 to 5.0 ± 0.3 and Mtoi,opi ~ 

-4.8 + 0.2 to ~ -4.6 + 0.2. Two out of three stars are the 
same for the two samples, and the optical data were taken be- 
tween the two /T-band observations. The average values are 

MboUNiR 5.1 + 0.6 and Mhoi,opt 4.7 + 0.3, respectively. 

These bolometric magnitudes lead to ages of ~ 2.0 + 1.5 Gyr 
and ~ 5.0 + 2.0 for the last star formation episode. 

Finally, for ESO269-066 the three highest luminosity val- 
ues found in the NIR range from Mboi,Nm ~ -5.1 + 0.6 to 
5.0+0.3, while in the optical they all are MtoUopi 4.9+0.2 
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Table 4. Magnitudes of the most luminous (in bolometric magnitude) AGB candidates for each galaxy. 



Galaxy 


ID 


h 


Ko 


Vo-/o 


Jo - Ko 


Mbol.opi 


Mhol.NIR 


CenA-dEl 


420° 


23.69 + 0.03 


21.78 ±0.11 


2.20 


1.58 


-4.14 ± 


0.18 


-3.24 ± 0.24 




9323° 


23.74 ± 0.03 


21.87 ±0.20 


2.32 


1.65 


-4.11 ± 


0.18 


-3.10 ±0.25 




9248°-* 


23.66 ± 0.02 


21.15 ±0.08 


1.65 


1.30 


-4.04 ± 


0.18 


-4.08 ± 0.22 




168* 


23.76 ± 0.02 


21.30 ±0.07 


1.69 


1.29 


-3.95 ± 


0.18 


-3.94 ± 0.21 




329* 


23.71 ± 0.03 


21.39 ±0.07 


1.62 


1.36 


-3.98 ± 


0.18 


-3.79 ± 0.22 


SGC1319.1-4216 


224° 


22.74 ± 0.02 


21.40 ±0.12 


1.51 


1.36 


-4.76 ± 


0.17 


-3.61 ± 0.28 




1361°* 


23.14 ± 0.02 


no . n f\A 

20.08 ± 0.04 


3.15 


1.24 


-4.75 ± 


0.17 


-5.05 ± 0.27 




1316°* 


23.06 ± 0.02 


19.27 ±0.02 


2.34 


2.06 


-4.64 ± 


0.17 


-5.37 ± 0.48 




1482* 


23.45 ± 0.02 


20.00 ± 0.03 


3.90 


1.34 


-4.63 ± 


0.17 


-5.03 ± 0.28 


ESO269-066 


3689° 


22.58 ± 0.01 


20.15 ±0.04 


1.94 


1.22 


-4.89 ± 


0.17 


-4.86 ±0.32 




2139° 


22.68 + 0.01 


20.24 ± 0.04 


2.35 


1.31 


-4.89 ± 


0.17 


-4.58 ± 0.34 




4406°-* 


22.93 ± 0.02 


19.99 ±0.03 


3.37 


1.17 


-4.88 ± 


0.17 


-5.07 ± 0.32 




3774* 


22.93 ± 0.02 


19.37 ±0.18 


2.60 


2.08 


-4.70 ± 


0.17 


-5.13 ±0.63 




3170* 


23.21 + 0.02 


19.92 ±0.03 


1.92 


1.30 


-4.25 ± 


0.17 


-5.01 ±0.34 



Notes. The columns contain: (1): galaxy name; (2): stellar ID from the combined catalog; (3): dereddened apparent /o-band magnitude; (4): 
dereddened apparent A'o-band magnitude; (5): dereddened optical color; (6): dereddened NIR color; (7) absolute bolometric magnitude computed 
from optical values; and (8) absolute bolometric magnitude computed from NIR values. Note that the combined (ISAAC and ACS) and dereddened 
NIR and optical magnitudes are given with the photometric errors resulting from the photometric package. 
*°* Among the three most luminous objects in the optical. 
*** Among the three most luminous objects in the NIR. 



(with one common star out of the three most luminous between 
the subsamples). This galaxy was observed with HST three 
months later than in the NIR bands. As before we compute the 
average values for the NIR and optical, MhoUNiR ~ ~5.1 + 0.8 

and Mhoi.opi 4.9 + 0.3, and derive from these values the time 

of the most recent star formation, resulting in 2.0 + 1 .5 Gyr and 
3.0+1.5 Gyr ago. 

We just stress that we may expect the bolometric values to 
differ somewhat between the optical and NIR results, given that 
the bolometric corrections may have differences from one set of 
bands to the other, and also considering the fact that our sources 
are possibly long-period variable stars. However, in all of the 
cases we find a very good agreement between the two datasets. 
We also p oint out that the optical bolometric corrections from 
iDa Costa & Armandroff (1990) are based on stars with colors 
V - I < 2.6, so for the three objects in SGC1319.1-4216 and 
ESO269-066 that have optical colors redder than this limit (see 
Tab.|4]l the corrections are highly uncertain. We can however see 
that the resulting absolute bolometric values are consistent with 
the ones der ived star ting from the NIR. The bolometric correc- 
tions from lCosta & Frogell (il996) are instead valid for the entire 
range in NIR colors spanned by our listed stars. We conclude that 
while for SGC1319.1-4216 and ESO269-066 the most luminous 
AGB stars have comparable bolometric luminosities, and thus 
similar ages (with ESO269-066 giving slightly younger values), 
CenA-dEl had no significant star formation over the last ~ 9 
Gyr. 

4.3. Spatial distribution 

We show the positions of the candidate AGB stars in Fig.[TT] The 
coordinate system is the one of the ISAAC instrument (in pix- 
els), and there is complete overlap with the field of view of ACS 
since the latter is slightly larger Red crosses indicate the en- 
tire sample of NIR sources (after applying the quality cuts). The 
AGB candidates are shown as cyan diamonds, while blue filled 
circles are assigned to candidate variable stars among the AGB 
stars and green filled circles refer to those stars that are variable 
but are found outside the selection boxes in the CMDs (see pre- 
vious Sect.). As a reference, we overplot the half-light radius and 



limiting galactic radius for CenA-dEl and the half-light radius 
for SGC 13 19. 1-42 16 and ESO269-066, since the last two galax- 
ies extend beyond th e field of view covered by the observations 

(values adopted from lCmoievic et aL I I20T0I) . 

From the previous analysis of HST data (ICrnoievic et al.l 
2010), we find that the ratio of AGB/RGB stars stays roughly 
constant as a function of radius for CenA-dEl and SGC1319.1- 
4216, while for ESO269-066 there is an indication for the ratio 
being slightly higher in the central part of the galaxy. In Fig.fTTl 
we can see that in CenA-dEl the candidate AGB stars are not 
symmetrically distributed, and do not tend to cluster in the cen- 
ter of the galaxy. This displacement is probably due to the small 
number statistics. In SGC1319. 1-4216 the luminous AGB stars 
are smoothly distributed all across the galaxy, but mostly found 
within the half-light radius. Finally, although the AGB candidate 
distribution for ESO269-066 is similar to that for SGC1319.1- 
4216, the former has a higher density of AGB candidates in 
its central part. For the last two galaxies, we can notice that 
there are some "holes" in the distribution of the whole stellar 
sample, and these are due to bright foreground stars. In particu- 
lar, given the high density of AGB candidates for ESO269-066, 
these foreground stars might be precluding the detection of addi- 
tional AGB candidates, up to as much as ~ 10% of the detected 
number 

We compare quantitatively the radial distribution of AGB 
candidates (i.e., the cyan, blue and green symbols in Fig. fTTI) 
to that of RGB stars. For the latter, we select the stars belong- 
ing to the RGB from the HST catalog (based on their distribu- 
tion in the CMD), because they have a broader spatial coverage 
and are more numerous than the NIR sample. For CenA-dEl 
there are too few AGB candidates to draw such distributions, 
but we do that for SGC1319.1-4216 and ESO269-066 (Fig.[T2]i. 
We show the cumulative radial distribution functions (as a func- 
tion of galactic elliptical radius) for both the AGB and RGB 
subsamples, and investigate the hypothesis that they come from 
the same parent distribution with a Kolmogorov-Smimov test. 
For SGC1319.1-4216, there is a probability of ~ 16% (i.e., less 
than 2cr significance level) that the two subsamples come from 
the same parent distribution. The difference in the cumulative 
distribution functions at a radius of ~ 40 to 60 arcsec comes 
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Fig. 11. Stellar positions projected on the sky for the target galaxies 
(ordered by increasing luminosity). The pixel coordinates refer to the 
ISAAC field-of-view. Red crosses indicate the NIR sources. The blue 
dashed lines are, respectively, the half-light radius and the limiting ra- 
dius for CenA-dEl and the half-light radius for SGC1319.1-4216 and 
ESO269-066. Cyan diamonds are candidate AGB stars, blue dots are 
variable stars among the candidates, and green dots are variable stars 
found just outside the selections boxes (see text for details). The white 
"holes" in the distribution of stars for SGC1319.1-4216 and ES0269- 
066 are due to bright foreground stars that are overlapping with under- 
lying dwarf galaxy stars. 



from the asymmetric distribution of AGB candidates, which 
possibly suggests an off-center star formation activity. On the 
other hand, for ESO269-066 we can reject the null hypothe- 
sis with a probability << 0.1%, which indicates the existence 
of two statistically separated stellar subpopulations. Already in 




40 60 

Radius [arcsec] 




40 60 

Radius [arcsec] 

Fig. 12. Cumulative distribution functions of stellar number counts as 
a function of elliptical radius, for SGC1319.1-4216 and ESO269-066. 
The different curves show the distribution functions for RGB stars (red 
line) and candidate AGB stars (blue dashed line, see text for details 
about the subsamples). The vertical black dashed line indicates the half- 
light radius, for comparison with Fig. [TT](at these distances, 1 arcsec 
~ 0.02 kpc). 



ICrnoievic et al.l (1201 Oh we find that a metal-poor and a metal- 
rich subpopulations among the predominantly old RGB stars are 
clearly present for this galaxy. This result supports the evidence 
akeady found in many Local Group early-type dwarfs, for which 
younger and/or more metal-rich subpopulations are more cen- 
trally concen trated than the old an d/or more metal-poor subpop- 
ulations (e.g. lHarbeck et al.ll200lT) . 



5. Discussion 

We can now compare our results to what we know for early- 
type dwarf galaxies in the Local Group. Among companions of 
the Milky Way, there are many objects that do show a substan- 
tial amount of lAPs (stars with ages in the range ~ 1 - 9 Gyr), 
like for exa mple the dwarf spheroidal s Fornax, Ca rina, Leo I and 
Leo 11 (see lGrebel & Gallap:heil2004l and Tab. 7 of lRejkuba et"d] 
2006) . The stellar populations of the mentioned galaxies con- 
tain as much as ~ 50% of lAPs, where these estimates come 
from detailed SFH recovery from deep CMDs. Considering 
the M31 companions, the dwarf elliptical gala xies NGC205, 
NGC185 andNGC147 (e.g. JDemers etani2003HNowotnv etlH 
120031: iDavidga l2005h do show some presence of lAPs, but 
among the dwarf spheroidals only Andll and AndVII contain 
a small fraction of such young populations (Harbeck et al.ll2064l : 
Kerschbaum et al. 2004). Generally, in dwarf galaxies with more 
recent star formation these populations tend to be more centra lly 
concentrated than the older populations dHarbeck et al.ll200Tl) . 
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We mention that previous studies have only been able to put 
upper limits on the HI gas mass of our target galaxies. For ex- 
ample, Bouchard et al. (2007) report values of Mhi/Lb < 0.05, 
0.01 and 0.002 for CenA-dEl, SGC1319.1-4216 and ES0269- 
066, which are comparable to the values found for Local Group 
early- type dwarfs with lAPs (see, e.g.. Table 1 of iGrebel et alj 
l2003h after considering the lower HI detection limit at the 
distance of the CenA group. Bouchard et al. (2009) estimates 
the current rate of star formation (from Ha emission) to be 
< 0.4 X lO^^Moyr"' for the target galaxies. These results all 
confirm their morphological classification and absence of a sig- 
nificant amount of ongoing star formation. 

When looking at the bolometric luminosities of the brightest 
AGB stars of dwarfs in both the Local Group and the Centaurus 
A group, with our small sample we can confirm the results of 
[Rejkuba et al. (2006) and conclude that they are all in the same 
range, with the exception of CenA-dEl which shows a predom- 
inantly old stellar content. The physical properties (total lumi- 
nosity, mean metallicity and metallicity dispersion, deprojected 
distance from dominant group galaxy, see Tab.lTJ of SGC1319.1- 
4216 and ESO269-066 are indeed very similar to those of Fornax 
and Leo 1, and so are also the bolometric lum i nosities of the 
brigh t est AGB stars (e.g., iDemers et al. 2002t iMenzies et al.l 
120021: IWhitelock et ani2009t iHeld et al.ll2010h . although we are 



here considering dwarf ellipticals while Fornax and Leo I are 
dwarf spheroidals. As pointed out by Bouchard et al. (20()7l), the 
two CenA group dwarf ellipticals might have been influenced 
by the radio lobes of CenA, in the sense that their proximity to 
the giant elliptical could have played a role in the removal of 
their gas content. However, we stress that only the current de- 
projected position of these galaxies can be known, and we do 
not have information about their orbits so that it is difficult to 
draw any firm conclusion about possible effects like ram pres- 
sure stripping or tidal interactions. CenA-dEl is on the other 
hand located further away from CenA (~ 670 + 480 kpc, see 
Tab. [U in our sample, and is thus more similar (in distance 
from the dominant group galaxy, in its luminosity and metal- 
licity content) to the most distant dwarfs of the Local Group. 
Its last significant star formation episode is significantly older 
than for the other galaxies and most probably its SFH was much 
less influenced by the central giant galaxy of the group. The ab- 
sence of any sizeable lAP younger than 9 Gyr is somehow un- 
expected in a system as apparently distant from the dominant 
group galaxy (see, e.g., Bouchard et al. 2009), but on the other 
side Tucana and Cetus in the Local Grou p show sim ilar charac- 
teristics as CenA-dEl (see, e.g., Monelli et al.ll201(il) . As a refer- 
ence, we recompute the deprojected distances of the two CenA 
dwarf companions AM1339-445 and AM1343-452 analyzed in 
the previous study by Rejkuba et al. (2006). We find a distance 
from CenA of ~ 300±336 kpc and ~ 3 10+ 120 kpc, respectively 

5.1. lAP fractions 

We estimate the fraction of lAPs with respect to the total stellar 
content of our target galaxies in the following way: we compute 
the ratio of the total number of luminous AGB stars, derived in 
the previous Section (also including the variable stars we found 
outside the selection boxes), to the number of stars found in a 
box that extends down to 0.3 mag below the TRGB in the opti- 
cal. The latter comprises both old RGB and AGB stars and also 
a percentage of intermediate-age RGB stars and AGB stars that 
are still ascending the RGB. Finally, the number of stars in the 
box extending below the TRGB has been subtracted for expected 
foreground stars, using TRJLEGAL models. The ratio computed 



in this way is called Pja- The values for our target galaxies are: 
~ 0.07 for CenA-dEl; ~ 0.04 for SGC1319.1-4216; and ~ 0.11 
for ESO269-066. We notice that SGC1319.1-4216 has a partic- 
ularly low PjA, together with a very wide metallicity spread (see 
Tab.[TJ. SGCl 3 19. 1-42 16 must have been very active at old ages, 
before loosing its gas reservoir and thus stopping to produce a 
significant amount of stars. This could be directly linked to a 
possible tidal interaction with CenA or ram pressure stripping 
by the intergalactic medium, although the orbits for our target 
galaxies cannot be constrained, as pointed out above. 

The next step to evaluate the lAP fraction is then to consider 
stellar population models and compare them to our observational 
findings. We use the Maraston mod e ls (M| jMtoiI.2QQ5) and fol- 
low the procedure of iReikuba et al.l (120061) . Namely, we first as- 
sume that there are two main subpopulations in our galaxies, one 
that is old (13 Gyr) and the second one with an age of 1, 2, 4, 6 or 
9 Gyr (one for each different realization). This is of course a first- 
order simplification of the true situation, since the star formation 
could also have proceeded more continuously or in more than 
two episodes during the galaxies' lifetime. Moreover, we under- 
line that with our data we could be missing a certain amount of 
lAPs and even younger stars, if we assume that the star forma- 
tion rate was, in some periods, so low that an observable amount 
of AGB stars was simply not produced. Thus, once again, we 
conclude that the fractions we derive are lower limits for the true 
fractions of lAP 

The model we adopt has a metallicity of [Z/H]- -1.35, 
which matches well with all of the galaxies in our sample, if 
we consider that the lifetimes of the AGB phase do not dramat- 
ically change as a function of the small differences in metal- 
licity among our target galaxies. We then let the lAP fraction 
vary among the different realizations (from to 1), and each 
time compute the Pia ratio given by the models. When we com- 
pare the results to the observed values found above, we find that 
CenA-dEl has an lAP fraction of ~ 15%; for SGC1319.1-4216 
we get an upper limit of only ~ 5%; while for ESO269-066 the 
value we find is between ~ 5% and ~ 10%. While the empirical 
relation between age and bolometric luminosity at the AGB tip 
that we adopt in Sect. l4.2l comes from SMC and LMC clusters 
(Rejkuba et al. 2006), the metallicity dependence of the lumi- 
nosity is smaller than our errors on the bolometric magnitudes 
themselves. The derived ages of our AGB candidates are thus 
not significantly metallicity dependent, and the assumption of a 
metallicity [Z/H]= - 1 .35 for our model will not introduce a bias 
in our results. 

Co mpared to the rough predictions given in ICmoievic et al.l 
(1201 Oh (see Sect.[TIl), the current results are slightly higher for 
CenA-dEl, and lower for both SGC1319.1-4216 and ES0269- 
066. We check whether this would change the results about 
the metallicity content of CenA-dEl, and find that the median 
metallicity value does not change, while the metallicity spread 
is smaller by a few percent. For the other two galaxies there are 
no significant changes. We emphasize though that recent studies 
have pointed out how stellar evolutionary models tend to over- 
predict the number of luminous AGB stars for dwarfs with low 
metallicities, similar to our targets, by a factor of as much as 
-3-6 (e.g., Gullieuszik et al. 2008; Melbourne et al. 201C|. 
This, together with the arguments mentioned above, reinforces 
the idea that our results are lower limits for the true lAP frac- 
tions in these galaxies. 

Having computed the lAP fractions, even considering that 
the real fractions could be twice or three times those derived 
here, we still can clearly see that they are much lower than the 
fractions found in similar objects of the Local Group. We under- 
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line that the relative differences with the Local Group will not 
be affected by the model uncertainties, since the comparison is 
observationally based, although the absolute values of both sets 
might be larger In particular, we mentioned that the character- 
istics of SGC1319.1-4216 and ESO269-066 are similar to those 
of Fornax and Leo 1, but despite this similarity, the recent star 
formation has proceeded at a much lower rate for the (so far 
studied) objects in the Centaurus A group. The latter, denser, en- 
vironment could thus be responsible for the observed properties 
of its dwarf me mbers. These r esults are again in agreement to 
what is found bv lReikuba et al.l ([2006), who also found quite low 
lAP fractions in two dwarf members of this group that resemble 
the low luminosity companions of M3 1 . We however stress that 
currently the sample is too small to draw firmer conclusions, and 
we would need to have NIR data also for the other CenA dwarfs 
with existing optical HST data. 

6. Conclusions 

We study archival photometric data for three early-type dwarf 
galaxies in the Centaurus A group, the dwarf spheroidal CenA- 
dEl and the dwarf ellipticals SGC1319.1-4216 and ES0269- 
066. We select the targets based on the availability of both high- 
resolution HST/ACS data and ground-based VLT/ISAAC data, 
in order to analyze the luminous AGB stars in these objects. 
These stars are useful tracers of lAPs (~ 1 to 9 Gyr). From the 
optical data alone AGB stars are difficult to separate from the 
Galactic foreground contamination, by which the Centaurus A 
group region is affected. 

Selecting common stars from the combined optical and NIR 
CMDs, we isolate 9 candidate luminous AGB stars for CenA- 
dEl, 41 for SGC1319.1-4216 and 176 for ESO269-066. To 
these, we can add 2 more stars in SGC1319. 1-4216, based 
on their variability between the sets of TiT-band observations. 
We then compute the absolute bolometric magnitudes for the 
most luminous AGB candidates, and find that they are lower 
for CenA-dEl, while SGC1319.1-4216 and ESO269-066 have 
comparable values. We further correlate the absolute bolomet- 
ric magnitudes to the age of the most recent significant star for- 
mation episode in these galaxies. We find a value of 9.0 +1.0 
Gyr for CenA-dEl, ~ 2.0 + 1.5 to ~ 5.0 + 2.0 for SGC1319.1- 
4216, and 2.0 + 1.5 to 3.0 + 1.5 Gyr for ESO269-066. The two 
values for SGC1319.1-4216 and ESO269-066 coiTespond to the 
different methods of computing bolometric magnitudes, starting 
either from optical or from NIR data, while for CenA-dEl the 
two methods give almost identical results. 

We find a quantitative evidence for the presence of two 
separated subpopulations, namely AGB and RGB stars (i.e., 
intermediate-age and old subpopulations) forESO269-066. The 
AGB subpopulation appears to be more centrally concentrated 
than the RGB stars, thus resembling similar trends found in 
Local Group early-type dwarfs. Finally, we estimate the frac- 
tions of lAPs of the three target galaxies starting from stellar 
evolutionary models, and find values of ~ 15% for CenA-dEl, 
an upper limit of only ~ 5% for SGC1319. 1-4216, and a value 
between ~ 5% and ~ 10% for ESO269-066. These are likely to 
be lower limits to the true fractions. 

When comparing our results to dwarf galaxies of the Local 
Group, we clearly see that despite having similar physical prop- 
erties and positions within the two groups, the objects in the 
Centaurus A group tend to have a lower lAP fraction than ob- 
served in the dwarf spheroidal companions of similar luminosity 
of the Milky Way. Our results are comparable to those found for 
low-mass dwarf spheroidal companions of M3 1 . We suggest that 



this difference might be due to environmental effects, which are 
leading to the loss of the neutral gas content for the dwarfs in 
this dense group, and preferentially for objects that are closest to 
the dominant elliptical CenA. However, we stress th at our sam- 
ple, together with the study of iReikuba et al.l (l2006l) . consists of 
only five galaxies, so these are just preliminary findings. Finally, 
we underline that this kind of study has just begun for dwarf 
galaxies outside the Local Group and that there is need for more 
observational data. 
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